The use of written knowledge tests in (medical) education is widespread. Only few of them are thoroughly validated. Usually, validity studies are restricted to establishing 'face-validity\ the apparent similarity between test-material and real life problems. Reli ability studies are usually restricted to estimation of the coefficient alpha, representing the reproducibility of rank-ordering of students at repeated test administration. This study addresses reliability from a broader perspective, using generalizability theory. The ap proach enables faculty to gain insight into the suitability of the test to serve different educational goals.
The response format is o f the true/false/question mark type. One mark is given for a correct answer, a negative mark for an incorrect answer, whereas no credit is given for the question mark option. The question mark option is introduced to discourage guessing as well as the habit of doctors to pretend omniscience. Consequently, the test score is composed of the total percentage correct minus incorrect answers.
Tests are administered at regular intervals during postgraduate train ing, to all (about 500) postgraduate students in general practice in the Netherlands. Sequential tests have a similar format but differ in content. At each test administration all students take the same test, regardless of their training level. Each test is set at the level o f general practitioners at the moment of certification. The test is thus designed to provide longitu dinal information, and to record progress during training (Kramer & Pol lemans, 1990 ; Van der Vleuten & Verwijnen, 1990).
METHODS

Materials
For purposes of analysis the correct minus incorrect scores of three knowl edge tests were used, those of June 1991, October 1991 and February 1992. All students in postgraduate training for general practice in the Netherlands participating in these three tests were included in the study. This implies that students may appear up to three times in the study (at 4, 8 and 12 months of training, respectively). Table 1 contains the number o f students per group for the three tests included in the analysis. For statistical analysis it was necessary to bal ance the number of students per test per group o f training level. Mean scores of the selected groups did not deviate from the original groups. dike, 1988) . Generalizability theory was used as a framework to estimate reliability according to three perspectives of test score interpretation (Cronbach et al., 1972; Brennan, 1983) . Reliability of test scores o f individuals may imply the following (Brennan, 1983) :
Reliability Estimates Reliability is not a characteristic of the test as such, but varies with the object of measurement and with the interpretation of test scores (Thorn
Reliability of the ranking of individuals: the norm-oriented perspec tive. Thus defined, reliability implies that the ranking order o f individual scores is reproducible from test to test. Variation in test (or item) difficul ty is not relevant, because the position of an individual score in the rank- ing order is not related to a specific level of competence. An example is presented in Figure 1 . The students A, B and C score 65, 59 and 53 respectively on test one, and 75, 49 and 43 respectively on test two. Reliability is maximal here, 80- because the ranking remains the same despite the fact that the scores have changed. Reliability of the estimation of the absolute level o f competence: the domain-oriented perspective. Here, individual scores represent an abso lute level of competence. A score of 65 implies that the student masters 65% of the knowledge domain of general practice. Reliability implies that the estimated level of competence is reproducible. In the example o f Figure 1 , reliability is less than for the norm-oriented perspective, be cause the absolute score for all the students is not identical for test one and test two.
Reliability of pass/fail decisions: the decision-oriented perspective. In this case, reliability refers only to the accuracy o f the decision related to the score being above or below an established cut-off score. The absolute level of competence, its 'distance' to the cut-off score, is irrelevant: if the cut-off score in the example is 50 all three students pass on test one, but student B and C fail on test two, which affects reliability.
In addition, reliability of group mean scores were estimated from the three perspectives mentioned above.
Statistical Analysis For estimation of the reliability of individual scores for each o f the three tests, an all random Person-by-Item analysis of variance (ANOVA) was carried out (p x i design) followed by variance component estimation.
Earlier analyses indicated that case and item scores yielded equal reliabil ity estimates. This implies that it makes no difference whether clusters of items related to a specific case or isolated items were taken as 'entity'. Therefore, simple item scores were used for analysis here. The variance components were pooled across the three tests by averaging the com po nents. Generalizability coefficients (norm-referenced) and dependability coefficients (domain-referenced and decision-referenced), as well as Stand ard Errors of Measurement (SEMs) were subsequently estimated follow ing regular procedures (Brennan, 1983) . Reliability from the decisionoriented perspective was estimated using several cut-off scores. The SEM reflects the size of the measurement error and may be used to estimate a confidence interval for individual scores. Adding and subtracting the SEM to/from a single examinee's score provides the 67% confidence interval. Multiplying the SEM by 1.96 (the appropriate z-value under the normal curve) provides the 95% confidence interval.
For estimation of the reliability of group mean scores, (groups of stu dents of the same training level) an all random Person-nested-within-Group-by-Items ANOVA was conducted per test (i x (p:g)) followed by variance component estimation, which were similarly pooled across tests. vSubsequently, generalizability coefficients, dependability coefficients and SEMs were estimated. Generalizability, dependability and SEMs are pre sented as a function of item sample and number of students within groups. Table 1 presents the mean scores percentage correct minus incorrect-and standard deviation for the three tests o f the participating groups that were selected for analyses. The scores increase with training level for all three tests. The total mean scores of the three tests differ, indicating that there is a difference in item difficulty between the tests. Table 2 shows the reliability of individual scores estimated from the norm-oriented and from the domain-oriented perspective.
RESULTS
Reliability of Individual Scores
The reliability estimates from a norm-oriented perspective appear to be low. The degree of imprecision can be derived from the corresponding Standard Error of Measurement (SEM). The confidence interval for a test o f 160 items is 12 (2 x SEM) and 24 (4 x SEM) for the 67% and 95% confidence level. This implies that a given score of for example 55 (per centage correct minus incorrect items) refers to a true score that lies between 49 and 61 with 67% certainty, and between 43 and 67 with 95% certainty. About the same applies for the reliability estimates from a domain-oriented perspective, with consequences for the absolute inter pretation of test scores. Table 3 shows reliability estimates from the decision-oriented perspec tive using different cut-off scores. Reliability varies depending on the position o f the cut-off score: the more distant the cut-off score is from the mean (here 44%), the more reliable pass-fail-decisions are. With the given test length of 160 items a cut-off score of 35 or 55 yields reliability estimates of about .80. Tables 4, 5, 6 and 7 present reliability coefficients and SEMs for group  mean scores as a function of the number of items and the number of  students within groups, from the norm-oriented, domain-oriented SEM are small: between 80 items for 10 individuals and 360 items for 25 individuals the difference is only 2. Reliability estimates from the domain-oriented perspective are lower, as was to be expected.
Reliability of Group Mean Scores
Tables 6 and 7 demonstrate that the reliability of group mean scores, even of relatively small groups, from a decision-oriented perspective, is sufficient for cut-off scores 10% from the mean.
DISCUSSION
The reliability estimates vary considerably with the object o f measure ment and the perspective taken (norm, domain or decision-oriented). Starting from a given test length of 150-160 items, corresponding with two hours of testing time, reliability of individual scores from a norm-oriented and domain-oriented perspective seems problematic. Reliability from a deci sion-oriented perspective with a fair range of cut-off scores seem s satis factory. It might be concluded that the overall reliability for individual scores is insufficient. However, relatively low reliability sometimes yields confidence intervals that are not substantially more extended than those related to a (generally accepted) reliability of .80. It shows that this often used benchmark reliability coefficient is rather arbitrary. It should be noted that reliability is also a function of the population. It is usually lower in a homogeneous population than in a heterogeneous population. Using the test to compare postgraduate students and certified general practitioners may yield better reliability estimates.
Several solutions to increase reliability may be suggested. The most obvious solution is lengthening of the test. This might, however, prolong the testing time unduly and is not feasible in the present situation. An alternative is to aggregate the longitudinal information of two or three successive knowledge tests, across the four months intervals, although during this period the level of knowledge changes under the influence o f training. A composite score of two or more tests, therefore, represents a combination of the actual level of knowledge and the growth in knowl edge during the last four to eight months. For this purpose, tests should be equated to correct for differences in item-difficulty. A third alternative is using composite scores of different tests from a battery, e.g. knowledge and skills tests. A last alternative is to adopt the decision-oriented per spective. High reliability is achievable, depending on which cut-off score is selected. Here, however, it is validity that poses the essential dilemma: which cut-off score is realistic and tenable? In other words, can it be made plausible that a score below the cut-off score represents a levei of knowledge that is insufficient for good performance? This issue needs further investigation.
The reliability o f group mean scores is satisfactory. If fewer items are included more students should participate and vice versa. Given a test length of 150-160 items, present group mean scores may be used in the context of programme evaluation.
The conclusion seems warranted that care should be taken in basing judgements about the student's level of knowledge on their individual test scores. Feedback may consist of the student's actual score and the total group mean score whereas the accompanying confidence interval might be reported to give the students insight into the significance of their results. The feasibility of composite scores should be examined, as well as the validity o f different cut-off scores. The use of group mean scores to evaluate the training programme should be encouraged. Either different programmes may be compared or the effect of a programme may be evaluated in a pretest-posttest design. It depends on the educational goal which perspective is used; one could rank-order groups, compare their absolute score level or decide wether they have acquired sufficient versus insufficient knowledge (pass/fail) on the basis of their programme.
Assessm ent of test-reliability, using generalizability theory, seems a fruitful procedure, which enables faculty to establish the potentials of the test in relation to different educational goals.
